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Abstract : Physics of superheated liquid state and measuremeni of the limn of superheat is an interesting subject of study for a long tunc A New 
method of finding the limit of superheat of liquids has been presented here The su|R:rhcaicd liquids are in the form of drops suspended in dust free gel 
The temperature of the superheated liquids were increased very slowly from room temperature to the critical temperature ol the liquid The nuclcation 
was detected by a sensitive piezo-electnc transducer, from which the signal was amplified, and fed to a comparator and then coupled to a multi channel 
analyser (MCA) for noting the data in a multi channel scaling (MCS) mode The results show reasonable agreement between the theory and the 
experiment
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1. Introduction
vSuperhcaicd liq u id s  a rc  l iq u id s  w h ic h  e x is t  a t  te m p e ra tu re  ab o v e  
ihcir e q u il ib r iu m  b o il in g  p o in t  a t th e  sy s te m  p re s su re . T h e se  
liqu ids a re  m e ta s ta b le  in  th e  th e rm o d y n a m ic  s e n s e  a n d  c a n  b e  
nu c lea ted  to  fo rm  v a p o u r  by  h o m o g e n e o u s  n u c le a tio n  o r  by  
p resen ce  o f  h e te ro g e n e o u s  n u c lc a tio n  s i te s  su c h  as  g a s  p o c k e ts , 
v ap o u r b u b b le s , so l id  im p u r i t ie s  o r  by  th e  d e p o s i tio n  o f  e n e rg y  
by io n s , c h a rg e d  p a r t ic le s ,  n e u tro n  etc. In  p ra c t ic e , a  liq u id  
can n o t b e  s u p e r h e a te d  u p  to  th e  c r i t ic a l  te m p e ra tu re , th e re  is  a 
lim it to  th e  m a x im u m  a tta in a b le  su p e rh e a t te m p e ra tu re  fo r  an y  
g iven  liq u id . T h is  l im it  is  c a l le d  th e  'l im it  o f  su p e rh e a t o f  th e  
liqu id ' a n d  th is  te m p e ra tu re  h a s  a  c h a ra c te r is tic  v a lu e  fo r  a 
p a rtic u la r  liq u id . In  a d d it io n  to  its  im p o r ta n c e  in b a s ic  s c ie n c e , 
the k n o w le d g e  o f  T^ i is  im p o r ta n t  in  a  n u m b e r  o f  in d u s tr ia l 
o p e ra tio n s  w h e re  a  h o t, n o n v o la t i le  liq u id  c o n e s  in  c o n ta c t w ith  
a co ld  v o la tile  liq u id . I f  th e  te m p e ra tu re  o f  th e  h o t liq u id  re a c h e s  
to th e  l im it  o f  s u p e r h e a t  o f  th e  c o ld  liq u id , e x p lo s iv e  b o il in g  
w o u ld  re s u lt.  T h is  e x p lo s iv e  b o il in g  m a y  in i t ia te  sh o c k  w a v e s  
tha t c a n  d a m a g e  e q u ip m e n t a n d  in ju re  p e rs o n n e l in  th e  v ic in ity  
o f  th e  b la s t | IJ. T h e  s tu d y  o f  h a s  g o t  a n o th e r  im p o r ta n c e  
a fte r th e  d is c o v e ry  o f  b u b b le  c h a m b e r  [2 ] a n d  s u p e rh e a te d  d ro p  
d e te c to r (S D D ) [3 ] , T h e  o p e ra t io n  o f  th e s e  d e te c to rs  d e p e n d s
o n  th e  a m b ie n t te m p e ra tu re  o f  th e  se n s itiv e  liq u id  w h ic h  is in 
su p e rh e a te d  s ta te . In  fac t, th e  th re sh o ld  e n e rg y  o f  th e  in c id e n t 
b e a m  d ccrca .scs  as  th e  d e g re e  o f  s u p e rh e a t o f  th e  liq u id . A s an 
e x a m p l e ,  th e  p r i n c i p l e  o f  n e u t r o n  s p e c t r o m e t r y  is  (h e  
m a n ife s ta tio n  o f  th is  p ro p e r ty  o f  th re sh o ld  e n e rg y  v a ria tio n  w ith  
te m p e ra tu re  [4 ,5 ). T h e  th re sh o ld  e n e rg y  for d e tec tio n  is th e re fo re  
lim ited  by th e  lim it o f  d e g re e  o l su p e rh e a t o f  th e  liqu id . T h e  lim it 
o f  s u p e rh e a t o f  l iq u id s  c a n  b e  e s t im a te d  fro m  th e o ry  o r  can  he 
m e a su re d  Im m  ex p e rim e n t. B u t th e  e x p e rim e n ta l re su lts  rep o rted  
so  fa r  a re  no t in  g o o d  a g re e m e n t w ith  th e  th e o re tic a l v a lu es . 
S e v e ra l a u th o rs  su c h  as W ism e r |6 ) ,  H a rv ey  ei al [7 ], G la se r  12), 
B r ig g s  [8 ], W a k c sh im a  a n d  T a k a ta  [9) an d  B asu  a n d  S in h a  [ 10) 
etc. h a v e  tr ied  to  f in d  o u t th e  lim it o f  su p e rh e a t o f  liq u id s . S in h a  
a n d  J a la lu d d in  111] h a s  d e v e lo p e d  an  e x p e r im e n ta l m e th o d  to  
f in d  o u t th e  by  o b s e rv in g  th e  n u c le a tio n  a t th e  so lid - liq u id  
in te r fa c e s  a n d  it is  a p ra c tic a l m e th o d  o f  s tu d y in g  th e  e ffe c t o f  
v a ry in g  th e  n a tu re  o f  th e  in te r fa c e s  on  th e  su p e rh e a t o f  l iq u id s . 
In  th e  p re s e n t  w o rk , a  n e w  m e th o d  o f  f in d in g  th e  T   ^ fo r  
h o m o g e n e o u s  n u c lc a tio n  h a s  b e e n  p re s e n te d  fo r  th e  l iq u id s  
u s e d  in  s u p e r h e a te d  d ro p  d e te c to r s  w h e re  th e  s u p e r h e a te d  
s a m p le s  u s e d  a rc  h o m o g e n e o u s  s u s p e n s io n  o f  s u p e r h e a te d  
d ro p s  o f  re f r ig e ra n t liq u id  (h a v in g  lo w  b o il in g  te m p e ra tu re )  in  a 
v is c o -e la s tic  g e l m e d iu m .
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2. Theoretical calculation of limit of superheat
T h e  l im i t  o f  s u p e r h e a t  c a n  b e  e s t im a te d  c i t h e r  f r o m  th e  
th e rm o d y n a m ic  s ta b il i ty  th e o ry  o r  fro m  th e  a n a ly s is  o f  th e  
d y n a m ic s  o f  th e  fo rm a tio n  o f  th e  c ritic a l s iz e d  v a p o u r  e m b ry o s . 
F ro m  V an d e r  W aa ls  e q u a tio n  o f  s ta le , th is  lim it o f  su p e rh e a t 
c a n  b e  e x p re s se d  by  (1 0 ]
_21T.
( 1)
w a s  c o u p le d  w ith  a  p i e z o - e le c t r i c  t r a n s d u c e r  u s in g  so n ic  
a q u a s o n ic  g e l. E a c h  lim e  a d ro p  n u c le a te s ,  th e re  is an  aco u stic  
p u ls e  p ro d u c e d  a n d  th e  t r a n s d u c e r  c o n v e r ts  th is  a c o u s tic  pu lse 
in to  e le c tr ic  s ig n a l w h ic h  is c o u n te d  by  a  D ro p  c o u n te r . The 
te m p e r a tu r e  o f  th e  s a m p le  h a s  b e e n  in c r e a s e d  fro m  ro o m  
te m p e ra tu re  to  th e  c ritic a l te m p e ra tu re  o f  th e  liq u id  an d  th e  count 
ra te s  (dN/dt) w e re  re c o rd e d  in  M C A . A t th e  lim it o f  su p e rh ea t, 
\/N(dNldl)^ I.
w h ere  r is th e  lim it o f  s u p e rh e a t o f th c  liq u id . F o r  m a th e m a tic a l 
s im p lic ity , th is  h a s  b e e n  c a lc u la te d  by  c o n s id e r in g  th e  o p e ra t in g  
p re s su re  to  b e  z e ro . F o r  th e  o p e ra t in g  p re s su re  =  1 a tm o sp h e re , 
w ill be s l ig h tly  g re a te r  th a n  th e  a b o v e  v a lu e  1101.
A m o n g  th e  o th e r  w ay s  o f  f in d in g  lim it o f  su p e rh e a t 'T  R e id  
( I ] h a s  g iv e n  a  s im p le  e m p ir ic a l fo rm u la  fro m  th e rm o d y n a m ic s  
as  fo llo w s
t; , =  t; [ o .i i (p / p , ) + o .8 9 ], (2)
w h ere  is th e  th ern K x iy n am ic  lim it (^f su p e rh ea t, T  is th e  c ritica l 
te m p e ra tu re , P  is th e  c r i t ic a l  p re s s u re  a n d  P is th e  a m b ie n t 
p re s s u re .
A m o th c r  te c h n iq u e  fo r  e s t im a t in g  T ,  in v o lv e s  d e ta i le d  
c o n s id e ra t io n s  o f  th e  .seq u en tia l ra le  p ro ccs .ses  to  f o im 'v a p o r  
e m b ry o s  in  a  su p e rh e a te d  liq u id  [ 11. F o r  th e  p re s e n t a n a ly s is , 
th e  th e o re tic a l v a lu e s  o f  lim it o f  su p e rh e a t w e re  c a lc u la te d  by 
u s in g e q .  ( l ) a n d ( 2 ) ,
3. Experiment
T h e  e x p e rim e n t w a s  c a r r ie d  o u t w ith  su p e rh e a te d  liq u id s  o f  R 1 2  
(C C I2F 2, b .p . -  2 9 .7 9 ”C ), R 1 14 ( C ,C l 2f^4 , b .p . 8 .9 2 "C ) a n d  R 5 0 2  
(a z e o tro p e  o f  R 2 2 , C H C IF ^ , 4 8 .8 %  an d  R 115, C .C IF ^ , 5 1.2% by  
w e ig h t, b .p . -4 5 .6 ^ ’C ). T h e  su p e rh e a te d  d ro p s  w e re  su .sp en d cd  
in  d u s t fre e  v is c o -e la s tic  d e g a s s e d  u ltra s o n ic  g e l. T h is  a v o id s  
th e  h e te r o g e n e o u s  n u c le a t io n  s i te s  a n d  a ls o  m in im iz e s  th e  
n u c lc a iio n  at th e  s o l id - l iq u id  in te rfa c e s , v a p o u r  n u c le a tio n  
in  su p e rh e a te d  d ro p s  w a s  o b s e rv e d  by  th e  r e s p o n s e  o f  a p ie z o ­
e le c t r i c  t r a n s d u c e r ,  th e  s ig n a l  f r o m  w h ic h  w a s  a m p l i f ie d ,  
c o m p a re d  w ith  an  a d ju s ta b le  th re s h o ld  ( o f  v a lu e  ju s t  a b o v e  th e  
n o is e  f lo o r)  a n d  th e n  sh o w n  in th e  d ig i ta l  d isp la y . A ll th e s e  
p a r ts  a re  in c lu d e d  in  a  c o m p a c t  in s tru m e n t c a lle d  D ro p  c o u n te r  
d e v e lo p e d  in  o u r  la b o ra to ry . T h e  s ig n a ls  f ro m  th e  D ro p  c o u n te r  
w e re  r e c o r d e d  in  a  m u l t i c h a n n e l  a n a ly s e r  ( M C A )  in  th e  
m u ltic h a n n e l s c a l in g  m o d e  (M C S ) . T h e  s c h e m a tic  d ia g ra m  o f  
th e  a p p a ra tu s  is  sh o w n  in  F ig u re  I . A  g la s s  v ia l c o n ta in in g  th e  
s u p e r h e a te d  d r o p s  in  g e l w a s  p la c e d  in s id e  a  g la s s  b e a k e r  
c o n ta in in g  d e g a s s e d  g e l. T h e  g e l in  th e  b e a k e r  w a s  d u e  to  th e  
a c o u s tic  c o u p lin g  b e tw e e n  th e  s u p e rh e a te d  d ro p s  in  th e  v ia l 
a n d  th e  tra n sd u c e r . A b o v e  th e  s a m p le  in  th e  v ia l th e re  w a s  
so m e  g e l a n d  th e  th e n n o m e te r  w a s  im m e rse d  in  th is  g e l. T o 
a v o id  n u c le a t io n  a t th e  b u lb ,  th e  th e r m o m e te r  h a s  n o t b e e n  
in s e r te d  in s id e  th e  s a m p le . T h e  v ia l w a s  w ra p p e d  b y  a  h e a lin g  
c o il c o v e r in g  th e  g e l a n d  s a m p le . The b e a k e r  c o n ta in in g  th e  v ia l
H
Figure 1. .Schematic diagram of the expen menial arrangement A 
aulotranstoriner. B pie/oelcctne transducer, C' glass beaker, I) glas'x 
vial containing sample, E thcrniomeier, F-* heating coil, G drop counin 
H multichannel analysci
4. Discussion
'Fhc r e s u lts  a re  p re s e n te d  in  T a b ic  I . T h e  su p e rh e a te d  s ta te  is a 
m e ia s ta b le  s la te  o f t h c  liq u id  a n d  u n d e rg o e s  p h a se  tra n s it io n  to 
s ta b le  s ta te  by  th e  sm a ll p e r tu rb a t io n s  lik e  th e rm a l sh o c k  o r any 
m e c h a n ic a l d is tu rb a n c e s  efc. T h e re fo re  w h ile  o b se rv in g  lim it of 
s u p e rh e a t o f  liq u id s , th e  te m p e ra tu re  o f  th is  su p e rh e a te d  sta te  
sh o u ld  b e  in c re a se d  s lo w ly  ,so a s  to  a v o id  a n y  h e a t sh o c k . In a 
s e p a ra te  e x p e r im e n t ,  w e  o b s e r v e d  th a t th e  su p e rh e a te d  d ro p s 
b e c o m e  m o re  fra g ile  u n d e r  h ea l shcx;k an d  n u c le a te  rap id ly  under 
sm a ll p e r tu rb a t io n s .  T h e  c a lc u la te d  v a lu e s  o f  l im it o f  su p e rh e a t 
o b ta in e d  fro m  th e  e m p ir ic a l fo m m la  (2 ) a re  m u c h  h ig h e r  th an  oui 
o b s e rv e d  v a lu e s . It is  to  b e  n o te d  in  th is  c o n n e c t io n  th a t  the 
a b o v e  fo rm u la  is  v a lid  fo r  th e  h o m o g e n e o u s  n u c le a tio n  w h ich  
e x c lu d e s  v a r io u s  in te r fa c e s  w ith  d if fe re n t  s u r fa c e  e n e rg ie s  r.g . 
g a s - liq u id , l iq u id - liq u id , so l id -g a s  a n d  it is  n o t c le a r  w h e th e r  the
Table 1. Compansun of critical teinpcraiurcs. tlieoreiical and experimental 
value.s of limn of superheat of the three refrigerant liquids.
Liquids RI2 R 114 R502
Cntical Temp. ( ’C) 1 1 1..S 145.7 90.1
L  Waals) 94 08 122.93 76 02
99.53 131.76 80.42
r ,  ("C) (Expi.) 80 120.5 44.5
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ih c rn io d y n a m ic  l im it  o f  s u p e r h e a t  is  re a c h a b le  fo r  th e  c a s e  o f  
ihc liq u id  to  v a p o u r  tr a n s i t io n  a s  h a s  b e e n  p o in te d  o u t b y  L o
112]. F u r th e rm o re , th is  d e v ia t io n  o f  e x p e r im e n ta l  o b s e rv a tio n  
and th e o re tic a l p re d ic t io n  is  n o t u n u s u a l  a s  h a s  b e e n  o b s e rv e d  
hy B asu  an d  S in h a  (1 0 ]  a n d  T e m p c r lc y  (1 3 ] .
B a su  a n d  S in h a  [1 0 ]  h a s  n o te d  th a t th e  d if f e re n c e  b e tw e e n  
the th e o re tic a l a n d  e x p e r im e n ta l  v a lu e s  o f  th e  l im it o f  su p e rh e a t 
increases w ith  th e  m o le c u la r  w e ig h t  o f  th e  l iq u id . T h e y  h a v e  
p lo tted  a  g ra p h  r e p r e s e n tin g  v a r ia t io n  o f  th is  d e v ia t io n  w ith  th e  
m o lecu la r w e ig h t o f  th e  l iq u id , th e  d e v ia t io n  in c re a s in g  w ith  th e  
m o lecu la r w e ig h t  o f  th e  l iq u id . A c c o rd in g  to  th is  g ra p h , th e  
above d if fe re n c e  (b e tw e e n  e q u a tio n  o f  s ta te  a n d  e x p e r im e n t)  
lo r m o le c u la r  w e ig h t 1 2 0 .9 2  c o r r e s p o n d in g  to  R 12. is  e x p e c te d  
to be 33.67® C w h ile  th e  o b s e rv e d  d e v ia t io n  fro m  o u r  e x p e r im e n t 
IS 14 .08"C , th u s  a p p ro a c h in g  c lo s e r  to  th e  th e o re tic a lly  p re d ic te d  
value.
T h e  d if fe re n c e  b e tw e e n  th e  th e o re t ic a l  a n d  th e  e x p e r im e n ta l 
re su lts  in c r e a s e s  w ith  th e  d e g re e  o f  s u p e r h e a t  o f  th e  liq u id . 
T his is d u e  to  th e  fa c t th a t  th e  s e n s i t iv i ty  o f  th e  su p e rh e a te d  
liqu ids in c re a se s  w ith  th e  d e g re e  o f  s u p e r h e a t  o f  th e  l iq u id  a n d  
th e re fo re  a  v e ry  s m a ll  p e r tu rb a t io n  c a n  in i t ia te  th e  n u c lc a tio n  in  
such s ta te . S o  it b e c o m e s  d if f ic u l t  to  re a c h  c lo s e r  lo  c r i t ic a l  
ic m p c ra iu re  fo r  th e  l iq u id s  w ith  h ig h  d e g re e  o f  s u p e r h e a t  a s  
o b se rv ed  fo r  R 5 0 2 , s in c e  a t a g iv e n  te m p e ra tu re  th e  d e g re e  o f  
su p erh ea t o f  R 5 0 2  is  th e  m a x im u m  a m o n g  th e  th re e  l iq u id s  u se d  
here A n o th e r  re a s o n  fo r  th e  la rg e  d e v ia t io n  o f  e x p e r im e n ta l  
o b se rv a tio n  a n d  th e o re t ic a l  p re d ic t io n  m a y  b e  th a t R 5 0 2  is n o t 
a p u re  liq u id , it is  a  m ix tu re  o f  tw o  liq u id s  ( R 1 15 a n d  R 2 2 )  an d  
som e in te ra c t io n s  a m o n g  th e  c o m p o n e n ts  o f  th e  m ix tu re  m a y  
take p la c e  d u r in g  th e  in c r e a s e  o f  te m p e ra tu re .
O n e  c an  n o t re a c h  u p to  c r i t ic a l  te m p e ra tu re  a n d  th e  c h a lle n g e  
IS h o w  c lo s e  o n e  c a n  re a c h  lo  th e  c r i t ic a l  te m p e ra tu re . In th e
p re s e n t e x p e r im e n t ,  it is p o s s ib le  to  re a c h  a b o u t 9 0 %  o f  th e  
c r i t ic a l  te m p e ra tu re  fo r  a ll th e  l iq u id s  s tu d ie d  w h ile  fo r  .several 
liq u id s  s tu d ied  by  B a su  an d  S in h a  j 10], 7 5 .5 %  to  8 6 .8 %  o f  c ritica l 
te m p e ra tu re  h a v e  b e e n  re a c h e d . O u r  fu tu re  p la n  is  lo  e x te n d  th is  
im p ro v e d  m e th o d  o f  m e a s u r in g  lim it o f  s u p e rh e a t  fo r  m o re  
c o m m o n  liq u id s .
5. Conclusion
S in c e  w e  h a v e  b e e n  a b le  to  re a c h  m o re  c lo s e  to  th e  th e o re tic a l 
l i m i t  o f  s u p e r h e a t  a n d  c r i t i c a l  te m p e r a tu r e  o f  th e  l iq u id  
e x p e r im e n ta lly , w c  m a y  c o n c lu d e  th a t th e  p re s e n t e x p e r im e n ta l 
tc c h itiq u c  is s u p e r io r  to  th e  o th e rs . It is a ls o  lo  be  n o te d  in th is  
c o n n e c tio n  th a t in a ll m e a s u re m e n ts  d o n e  so  la r, n u c lc a tio n  w as  
o b s e rv e d  v is u a lly  w h e re a s  th e  p rc .sen t m e a s u re m e n t u tili.ses 
d ig iljll e le c tro n ic s  in o b s e rv in g  th e  n u c le a tio n
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